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The standard approach for carotid endarterectomy cannot provide adequate exposure of the distal internal carotid artery
in the presence of high cervical carotid bifurcation or high plaque. Limited accessibility of the distal internal carotid artery
has resulted in the development of various operative techniques. Mandibular subluxation is the most simple and least
invasive technique, but it does require invasive maneuvers, such as wiring, to stabilize the mandible. We use a mouthpiece
made by the dentist to stabilize the mandible in the physiologic subluxated position. This technique provides an adequate
exposure of the distal internal carotid artery as with the othermethods, and the risk of morbidity is very low. (J Vasc Surg
2010;52:1401-4.)Carotid endarterectomy (CEA) is a well-established
procedure for the prevention of cerebral infarction second-
ary to carotid artery stenosis. Distal internal carotid artery
(ICA) exposure is necessary to obtain distal control in
patients with high cervical carotid bifurcation or high
plaque. Exposure of the distal ICA is difficult by the stan-
dard approach because the cranial nerves and several bony
and fascial structures inhibit exposure of the parapharyn-
geal space. Limited accessibility of the distal ICA has re-
sulted in the development of various operative techniques
for exposing the distal ICA,1-7 including anterior subluxa-
tion of the mandible, division of the styloid process, lateral
mandibulotomy, and mastoidectomy. These techniques
can provide adequate exposure of the distal ICA but are
associated with significant morbidity, including bone infec-
tion, nonunion of the mandible, and difficulty with masti-
cation.
We have been using mandibular subluxation (MS) to
expose the distal ICA because it is less invasive than the
other techniques.1,2,6 To improve the technique, we have
been using a mouthpiece to achieve adequate MS for
exposure of the distal ICA. This technique is minimally
invasive and the risk of morbidity is very low. Details of the
surgical procedure are described.
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Knowledge of the movement of the temporomandibu-
lar joint is necessary to understand mandibular subluxa-
tion.8,9 As the mouth is opened, the mandibular condyle
rotates within the glenoid fossa and then glides forward
onto the articular eminence. Measurement of the range of
mandibular condyle movement provides mean values of
19.4 mm in men and 18.2 mm in women.10 In addition,
slight distortions of the posterior belly of the digastric
muscle, hypoglossal nerve, ICA, and external carotid artery
occur after MS.2 This movement of almost 2 cm and the
associated slight distortions enable us to expose the distal
ICA.
If the bifurcation is high or plaque extends distally, we
ask the dentist to make a mouthpiece for MS. The dentist
checks the patient’s dental stability and periodontal disease.
The dentist trains a patient with healthy dentition to move
the mandible anteriorly and contralaterally to achieve ade-
quate MS (Fig 1). Patients are trained while they are awake
to protect the temporomandibular joints from dislocation.
The dentist then makes a model of the patient’s teeth (Fig
1). Denture molds, which are normally used for treatment
of temporomandibular disorder, are made with resin, 120
mm in diameter and 1 mm in thickness (ERKODENT,
Pfalzgrafenweiler, Germany) from the teeth model (Fig 1).
These molds are inserted and fixed with acrylic resin in the
preoperatively trained position. The final result is the
custom-made mouthpiece (Fig 1).
General anesthesia with nasotracheal intubation is ini-
tiated in all patients. The dentist then fits in the custom-
made mouthpiece over the maxillary dental arch and grasps
andmanipulates themandible anteriorly and contralaterally
to the preoperatively trained position to position the man-
dibular dental arch in the mold of the mouthpiece. The
mandible is then stabilized in the subluxated position with
the custom-made mouthpiece before the patient is draped
(Fig 1). One to 2 minutes is required for this maneuver.
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contralateral side for CEA. We usually use a curvilinear skin
incision. Carotid dissection is performed along the anterior
border of the sternocleidomastoid muscle. The posterior
belly of the digastric muscle is routinely raised by thread
instead of division. The ansa hypoglossi is cut, and the
hypoglossal nerve is mobilized, if necessary. MS provides
Fig 1. Photographs show the process of making the custom-
made mouthpiece. A, The mandible is mobilized anteriorly and
laterally to the subluxated position. B,Model of the patient’s teeth
is made, and fromwhich the final mold is created.C,Themandible
has been subluxated and stabilized with the mouthpiece.improved visualization of the hypoglossal nerve and thedistal ICA6 so we can operate easily and safely without
additional maneuvers (Figs 2 and 3). After CEA is com-
pleted, the dentist removes the mouthpiece and returns the
mandible to the anatomic position, which takes about 30
seconds.
SUMMARY OF CASES
We performed 345 CEA procedures from 2001 to
2008. The indication for stabilized MS was atherosclerotic
disease extending to the middle of the C2 segment (Table).
This indication was seen in 28 patients, but only 16 could
achieve MS preoperatively. Problems with dental stability
or periodontal disease prevented manufacture of the
mouthpiece in the other patients.
The dentist made the mouthpieces for the 16 patients
and performed the MS stabilization after the patients were
under general anesthesia. CEA was successful, without
cranial nerve dysfunctions or cerebral neurologic complica-
tions in all cases. No other complications, such as temporo-
mandibular joint pain, difficulty with mastication, or slip-
page of the mouthpiece, were encountered.
DISCUSSION
In a previous report, the average upper limit of man-
dibular subluxation, which is added to the standard sterno-
cleidomastoid incision and division of the posterior belly of
the digastric muscle, is the upper one-third of the first
cervical vertebra. Styloidectomy can expose the distal ICA
as far as mandibulotomy, and the addition of styloidectomy
to MS provides only 3 to 4 mm of additional exposure.1 A
recent report indicates the distal extents of ICA dissection
between styloidectomy andMS added to styloidectomy are
also similar,7 but styloidectomy and mandibulotomy are
associated with significant morbidity, including facial palsy,
bone infection, nonunion of the mandible, and difficulty
with mastication. MS is also associated with morbidity,
Fig 2. Photograph shows the intraoperative anatomy after the
carotid artery is dissected. The occipital artery (arrowhead) and
hypoglossal nerve (arrow) are clearly identified.such as temporomandibular joint pain, dislocation of the
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contralaterally and stabilized with the mouthpiece. B, The normal position of the mandible is shown without
subluxation. C, The mandible is mobilized anteriorly to the subluxated position. Mandibular subluxation stabilized by
the mouthpiece can provide additional exposure.
instructions to move the jaw to move the jawFig 4. Preoperative three-dimensional computed tomography angiography simulations. A, Normal location of the
temporomandibular joint is shown without subluxation. B, Subluxated position of the temporomandibular joint
stabilized with the mouthpiece. The mandible is stabilized in the subluxated position, but is not stabilized in theTable. Inclusion and exclusion criteria
Category Inclusion Exclusion
Distal extent of atherosclerotic disease Above middle of the C2 Below middle of the C2
Dentition Healthy or artificial dentition adequate
to ensure stability of the mandible
Edentulous
Intelligence Sufficient to understand the Insufficient to understand the instructionsdislocated position.
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compression of the contralateral carotid artery. However,
the latter are less significant than the former, so we use MS.
MS was first used in the management of a traumatic
case, described as the use of a maxillomandibular arch bar
wiring technique. This procedure required nearly 90 min-
utes to complete.5 More recently, the unilateral subluxa-
tion technique accomplished by circummandibular and
transnasal wiring has required only 10 minutes.4 In addi-
tion, the intradental wiring or circummandibular and ante-
rior nasal spine wiring technique has been described.2
However, wiring introduces potential complications, such
as bleeding, infection, and dental injury; therefore, we
developed the mouthpiece technique to eliminate such
complications.
According to our experience, MS stabilized with the
mouthpiece can provide an additional 1 to 2 cm of expo-
sure of the distal ICA and minimizes complications. The
advantages are as follows:
● The mouthpiece can reduce oral injury and infection, because
no other device is needed.
● The mouthpiece can avoid dislocation of the temporoman-
dibular joint and compression of the contralateral ICA, which
are caused by excessive head rotation subsequently to dislo-
cation. The mouthpiece is made preoperatively while the
patient is awake so the patient cannot move the mandible
beyond the physiologic range (Fig 4).
● This technique does not prolong the operation, because
fixation takes only 1 to 2 minutes.
The mouthpiece technique is less invasive than wiring, but
is difficult to use if the patient cannot understand the
instructions to move the mandible or has severe periodon-
tal disease or no natural teeth. Although this technique
cannot be used for edentulous patients, it can sometimes be
used for partially edentulous patients. If denture stability is
maintained when the patientmoves themandible anteriorly
and contralaterally, adequate MS can be achieved by inser-
tion of the mouthpiece between the artificial teeth without
circummandibular wiring. However, the patient must prac-tice moving the mandible anteriorly and contralaterally
before the dentist makes the mouthpiece. If the patient
cannot follow the instructions, the dentist cannot make the
mouthpiece.
CONCLUSION
Mandibular subluxation stabilized using a mouthpiece
is less invasive than other methods but can provide a similar
additional 1 to 2 cm of exposure of the distal ICA. We
recommend using a mouthpiece to stabilize mandibular
subluxation.
REFERENCES
1. Mock CN, Lilly MP, McRae RG, Camey WI Jr. Selection of the
approach to the distal internal carotid artery from the second cervical
vertebra to the base of the skull. J Vas Surg 1991;13:846-53.
2. Frim DM, Padwa B, Buckley D, Crowell RM, Ogilvy CS. Mandibular
subluxation as an adjunct to exposure of the distal internal carotid artery
in endarterectomy surgery. Technical note. J Neurosurg 1995;83:
926-8.
3. Coll DP, Ierardi R, Mermer RW, Matsumoto T, Kerstein MD. Expo-
sure of the distal internal carotid artery: a simplified approach. J AmColl
Surg 1998;186:92-5.
4. Fisher DF Jr, Clagett GP, Parker JI, Fry RE, Poor MR, Finn RA, et al.
Mandibular subluxation for high carotid exposure. J Vasc Surg 1984;1:
727-33.
5. Fry RE, Fry WJ. Extracranial carotid artery injuries. Surgery 1980;88:
581-7.
6. Simonian GT, Pappas PJ, Padberg FT Jr, Samit A, Silva MB Jr, Jamil Z,
et al. Mandibular subluxation for distal internal carotid exposure: tech-
nical considerations. J Vasc Surg 1999;30:1116-20.
7. Fortes FS, da Silv a ES, Sennes LU. Mandibular subluxation for distal
cervical exposure of the inte rnal carotid artery. Laryngoscope 2007;
117:890-3.
8. Lindauer SJ, Sabol G, Isaacson RJ, Davidovitch M. Condylar move-
ment and mandibular rotation during jaw opening. Am J Orthod
Dentofacial Orthop 1995;107:573-7.
9. McKay GS, Yemm R,Cadden SW. The structure and function of the
temporomandibular joint. Br Dent J 1992;173:127-32.
10. Muto T, Kohara M, Kanazawa M, Kawakami J. The position of the
mandibular condyle at maximal mouth opening in normal subjects.
J Oral Maxillofac Surg 1994;52:1269-72.Submitted Feb 24, 2010; accepted Apr 20, 2010.
